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I 
SUMMARY 

The ionizing radiation resistances of six Salnronellu npccics were examined. The experimental variables were 
the suspending medium, the presence or absence of air, and the tempernture during rhc irradiation process. S. 
ryphimuriun7 ATCC 14028, S. enrariridis ATCC 9186, S. newport ATCC 6962, S. dublin ATCC 15480, S. 
unalum ATCC 9270, and S. rlrizoncre ATCC 29933 were suspended in phosphate bufk (0.1 M, pH 7,0), brain 
heart infusion broth @III) or mechanically deboncd chicken and exposed to gamma radiarion from cesi- 
urn-137 at 0.12 kGy par min. The radiation resisrance of the Sulmonella incrcascd approximately two-fold 
when assayed in sterile mechanically debontd chicken rather than in buffer or BIII. The average radiation 
(0.30 10 1.20 kGy) D-value for all six Sulmonella strains was 0.56 kGy in mechanically deboncd chicken. S. 
enferiridis wa6 significantly more resistant to ionizing radiarion than the orhcr five strains of Salmonella tesred 
on mechenicnlly deboned chicken. The temperature of irradiation but not the presence or absence of air 

significantly influenced Ih8 survival ol' S. ryphimurium and S. enreritldis in mechanically deboned chicken. 
Trentrdent of chickcn menI with ionting radiation would be EIIJ effective means Ior control of Salmonetlu 
contfiminntion. 

INTRODUCTION 

The Food Safety and Inspection Services (PSIS) 
of the U.S. Dcpartmenr of Agriculture has pet- 

itioned the Food and Drug Administration for ap- 
prova1 of irradiation pasteurization of retail pnck- 
aged, frozen or fresh, uncooked poultry products. 
The petition lists the following as possible sources 
of ionizing radiation: cobalt-60, cesium-137, elec- 
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tron beam accelerators, and X-ray generators. The 
poultry products are to be irradiated in air:perme- 
able packaging to an absorbed dose of LSO-3.00 
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kGy lo decrease the potential of food-borne illno>s 
ir’om such food-borne pachogcns as S&non&, 
Contpylubrrcrer and ,Yersiniu. Thiv radiation dose 
range was chosen because higher doses might elim- 
inate the normal microbial flosu from rhe products 
and rhereby increase the opportuniry for Closrridi- 
WI borulinum to grow and produce toxin. Air per- 
mcablc packaging was required in an addirionti cf- 
fort to prevent the growth of C. borti’num. 

A number of previous investigators hvu exam- 
ined rhe effects of ionizing radiation on SoimoneNo 
associated with poultry. Mulder et AI. [9] ennrnined 
chilled and deap-frozen broiler carcasses and found 
2 to 1400 colony forming units of Salmonella per 
100 g of skin. Recently, FSIS has indicntad that as 
many as 30% of rhe poullry cmasses proccsacd in 
‘the U.S.A. may be contaminated with Salmonella. 
The contamination levrls are not thought to be 
greatly different from those found by Muldcr et al. 
[9] in the Netherlands, who reported that irradia- 
tion to a total dose of 2.5 kGy WFIS highly effective 
in destroying the Salmowllu. However, a radiation 
dose of 2.5 kGy might not dc8Woy all the Sulm- 
o&la in poultry carcasses since 7.0 kGy wa3 necis- 

sery to destroy Solmanello Panama present on poul- 
try uLTca69e9 171. 

Mechanically dcboned poultry meat is fraqucnrly 
shipped long distinccs to be further proccavcd into 
foods. This product would seem to be particularly 
wall suited for kradiarion pasreurization, yot very 
little data exisr on the erects of ionizing radiation 
on its microbial flora, This product is usually ship 
ped to rhe promyror in 50 to 40 pound 101s which 
would be expected to be anaerobic a centimeter or 
more from the surface of the meat. The purpotie of 
this study was to establish the response of six corn- 
mon food-borne Salmonella to ionizing radiatjon in 
commercial mechanically dcboncd chicken meat 
under various conditions. 

MATERIALS AND METHODS 

Organisms and growth condirions 
Salmonella enleriliclis ATCC 9 156, S. rrewport 

A-fCC 6962, S. dub/in ATCC 15480. S. unnfurn 

ATCC 9270, S. arlzonae ATCC 29933, and S. fyphi- 
murtim ATCC 14028 wore used in Ihesc studies. 
Each srrain was maintained and cloned on Difco 
Laborarories Tryptic Soy Agar (TSA) with incuba- 
tion a1 35°C. Culture purities and identities were 
verified wilh Cram stains and API 20 I! strips. One 
milliliter from an overnight (15-18 h) culture of the 
organigm in Bahimore Biological Laboratories 
Trypticase Soy Broth (TSB), incubated at WC, WBB 
ustd IO inoculate 100 ml of TSB or Difco Laboraro- 
ries Brain Heerr Infusion Broth (BHl’) in 500-ml 
bafaed shake flasks. The flasks wcrc then shaken 
(150 rpm) on II gyratory shaker for 16 h it 35°C. 
This culrure was used direcrly as an inoculum for 
thovc studies involving potassium phosphate buffer 
(~1-1 7.0, 0.15 M) or BHI broth. A 1 O-fold concen- 
trated inoculum was prepared for studies involving 
mechanically deboned chicken meat by growth of 
the appropriate Sulmorrellrr species OS described 
above in TSB and pelloring 01 the cell3 by ccntrifu- 
gaLion and resuspension in one-tenth volume of 
0.1% peptona (Difco). 

Phoxphale b&r and brain hearr infiisian broth stud- 
its 

Inocula of 0.1 ml of the appropriate 3almoncllae 
strain were used for 5.0 ml of pH 7.0,0,15 M potas- 
$um phosphate buffer or BHT broth conramed in 
10.0 ml screw cap culture tubcg. Three replicate 
tubes wcm preparod for each trearmcnt. To provide 
a comparison lo rcsulls obtained with mechanically 
deboned meat, experiments were conducted with S. 
enreW& 9186 nnd S. ryphImurlum 14028 ia which 
5.0 ml omounls of inoculated btier or BHI broth 
were heat-sealed in Stomach& 400 polyethylene 
begs either containing air or in vacua. These bags 
were then vacuum packed in American Can Corn- 
pany Frcsbtti bags (oxygen transmission 0.60.8 
cc/100 sq in/24 h @ 37.8’F and 90% RX.). 

Mecharricolly deboned chicken meat studies 
Mechanically deboned chicken meat was ob- 

tained from o commercial manuracturcr of poultry 
franlcfurteru. The meat was received in two com- 
mercial 18 kg lots and coalristtd of approzcimarely 
90% rib end 10% bock meat. The proxintatc analy- 



sis of this producr was 63.1% moisture, 25.7% fat, 
and 11.4% protein. The chicken meat, subdivided 
into 50.0 f 0.05 g lots, was first vacuum sealed in 
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Stomacher@ 400 polyethylene bag@, and then vacu- 
um sealed in American Can Company Freshstuff 
bags. Tbese replicate sampler of the mechanically 
deboned chicken meat were then stored at -20°C 
unril ‘uucd. The frozen chicken meat samples were 
further cooled to -40°C and than irradiated .st the 
same ternperafure with gamma radiation to an ab- 
sorbed dose of’ 42 1rGy. This treatment effectively 
eliminated any natural microbial flora from the 
prod& as confirmed by plate count. The radiation- 
sterilized chicken was stored at -20°C until used. 

The radiation-sterilized mcchar.ically deboned 
chicken was inoculated with approximately lo9 
Salmonch cells per gram of chicken meat. The in- 
oculated meat was then mixed thoroughly with a 
Stomacher* 400 for 90 S and areptically divided into 
5.0 & 0.05 g samples which were packaged in Stom- 
acher% bags. The Stomacher@ 400 bags (polyethy- 
lene) were hear se&d with air in the bag or in vacua 
at - 1.0 bar. Ail bags were then vacuum packaged 
in American Can Company FreshtufT bags. Three 
replicars inoculated samples were irradiated at each 
dose. The gamma radiation doses used for the sur- 
vival srudiea in chicken meat were 0, 0.30, 0.60, 
0,90, 1.20, l,SO, 1.80. 2.70 and 3.60 kGy. AI1 six 
strains wcrc tested over the dorrc range of 0 to 1.50 
kGy; S. el,rerir/rlir and 5’. f#irnurilmr were tested 
to R maximum dose DT 3.6 kGy. 

I 
Jrrodiarion 

I 

Samples were irrndiated in a s&contained cesi- 
urn-137 gamma radiation source (140 708 Ci) pro- 
ducing a dose rate of 0.12 kGy per min. The dosim- 

I I clry and dose distribution for tiic radiation source 
were described by Shich ot al 112). Routine dosim- 
ecry was conducted with f’erroue sulfate/cupric sul- 
fate dovimetcrs [4]. The sample9 were brought to the 
desired temperature before Irradiation and this tem- 
pernture wae maim&cd &2’C during irradiation 
by the injection oftbe gas phase from liquid nirro- 
gen. The samples were placed in a uniform portion 
of the radiation field and arranged to minitize any 
differences in the radietion dose. The mean devia- 
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tion of the absorbed dose from the target dose wag 
0.038 kGy wi’.h a standard error of 0.018 kGy. 

M/crobiological assay 
The samples were assayed for colony forming 

units (CPU) by s,landard pour plate procedures 
with sorial dilutjons in 0.1% Difco Bacto peptone. 
The pour plates were prepared using TSA and in- 
cubated for 24 h at 35°C. All studies were perform- 
ed with three replicate samples for ench trearmcnt 
and threa p1rit.e counts at the appropriate dilution 
eivipe 30 to 300 colony forming units (CFU) per 
Petri plate for each replicate sample. Bacterial colo- 
nies on pour plates were counted using a New Brun- 
swick Scientific BionenP II automated colony 
counter. Results aie reported as the logarithm of 
the surviving fraction of CFU (log N/N,). 

For each experiment, the average CN) of the CFU 
values for ihe three plate counts obtained for each 
replicate semple WJS determined and divided by the 
average of the three zero dose CFU values (N,) to 
give B value for survivors (N/N,,). -Ille log-survivor 
values (loglo of N/N,) wcrc used jn the detennina- 
rioa of the slope of the regression of the data by 
leasr squares aaalysis’usiag the REG procedure of 
the SAS sysrcm for linear regression [I]. The N, 
valuas were not used in the computation of the re- 
gessions to eliminate possibla shoulder effects. At 
least four radiation dose levels were used in the cal- 
culs\ion of each regression. Each D-vduc in Tables 
1,3, and 5 was determined from the regression of all 
values on one or more experiments, the D-value be- 
ing the negative reciprocal of the slope of the indi- 
vidual regression of log-survivor against radiation 
dose. The ~lopcs of rhe regressions were compared 
by analysis of covariance using the General Linear 
Model procedure of the SAS system for linear mod- 
els [I]. 

RESULTS 

The survivnl of S, dublk in pH 7.0 phospharc 



IXeect ofgu6pandir.g medium, phobph:rr buffar, pH 7.0 or brsin heart inCtsion broth, on the gnmma radl~rion D-WJUCS’ 01 lix stldla of 
Saftmmdla 

Strain Mrdium 

P)vxphars bufcr Brtin hc8rt jofuriw 
AP DWy) *SE P WW 4 SE 

_. -..--. 

S. anulwn 9 0,116 0.004 36 0.2BB 0.032 
S. armnae 39 0.184 0.024 18 0.244 o.u23 

- S. dub/In I8 0.267 0.013 I8 0.341 0.01 I 
S. cnrerfr/dk 4s 0.172 0.022 18 0.264 0.016 
s. ncwpurl IS 0.152 0.012 17 0.212 on17 
S. ryphlrrwrium 132 a.199 0.013 18 0.220 0.016 

’ D-veluea calcularcd from lc~~at squares rapcssion analysis ololl doretminationt in rnngc or 0.10 lo I .20 kGy. 
’ N rrpmscntr fht number 01 individual vnlu~~ urad to compute the rcpcssioa. 

buffer was greater than any other strain [Table 1); 
howwcr, only four compwisons of rcgrcssion 
slopes revealed significant (P > 0,OS) difference8 
(Table 2). The regressions of log of the survivors 
ngainst doee were sigaificanL\y different whan the 
regression far 5. enrerWf.t was compared with that 
of S. urkonae. Significant differences between re- 
gressions were also found for S. newporl and S. eo- 
~rerirfdir, S. ryphimurfum and S. enlerirrdk and S. 
gq~himurium and S. newpor/. Re8ression values for 
S. enreriridi3 ccl13 suspended in buffer in the prcs- 

Tahls 2 

Hotarogwcily or slopas of rcgrrslrions from which the D-voluss 
for lha nurvivnl or Sabnonellu io phosplrara buffor wrre oompur- 
ad, (ProbPbfllty oTDbtair.inga ra[ur grcelerthun r when each 
alops i3 compartd lo each orher rlope) 

91rmi 1 2 3 4 5 6 
I X 0.6607 0.9482 0.3146 0.4655 0.95!8 
2 X 0.4404 O.OC24 0.8139 0.3537 
3 X 0.0963 0.4671 0.8353 
4 X 0.0041 O.OD19 
5 K 0.0037 
6 X 

Simins: 91 - S. anaIm, Y2 -; 5. urizwmc. ~3 p $. dub/in, 

Y4- S. mrerirldti, +5 - S. ~I~WI, %6 - S. r@irnuriwn. 

encc of air compared with those obraincd in the 

absance of air were significandy different (P > 
0.002). S. cnrcritidis WBB more resistant to rht eflects 
of ionizing radiation in the presence of oir. A simi- 
lar result [P > 0.02) was obtained with S. ~yphimu- 
rim irradiated in phosphate buffer in the prcsencc 
and absence of air, but only when the comparison 
was made with resulu Irom a single expcrimwr. As 
was the cafie with S. enreriridiq rhe S. ryphimurium 
celJs irrndjated in tbe presence of air were more re- 
sistant to the radiation. 

Brain heart infusion broth 
As expected, zhe radiation rcsivlance of the SC+ 

monella specias w~a greater in more complex sus- 
pending media thnn in phosphate buffer (Tabies 1 
and 3). In phosphate buffer end BHl broth, S. &- 
blirr h&d Lhe grestast D-value. The D-value for S. 
dtrblin in EMI broth was significantly (P < 0,OS) 
dificrcnt from thnt of S. enferitidk. S. newporr and 
27, fyplrimuriunl (Table 3). The D-value of S. enrer- 
iridls was significantly diGTent fromt rhat of S. fy- 
phrmurium only. 

Mecknically deboned chicken 
Because it ia unknown what effect the normal mi- 

crobial flora of this producr might have on the sur- 



Table 3 

Heterogeneiry Or slops6 of rnpicssions from which lhc ILLvelucs 
ror tho survivnl of Sahorrclla in braln heart inf116iOn broth wcrr 
computed. (Prabnbili!y ofobtaining B wslue grcotsr than F when 
vach slope is compnrsd IO sach other slope) 

Srroh 1 2 3 4 5 6 
1 X 0.4352 0.3032 0.7184 0.0913 0.1433 
2 X 0.0067 0,5086 0.2557 0.3933 
3 X 0.0012 O.ODol 0,0001 
4 X 0.0411 0.0759 
5 X 0.7231 
6 X 

Strains: ,# 1 d S. nnamm, #2 = S. arhonue, #3 0 S. dub/in, 
C4 = S. mrerifir/l.r, p5 0 S. nr~vporr, iq6 - 5. lyphirrrwium. 

viva1 of a SalmoneNu species following ionizing ra- 

I diation trcatmcnt. ir was decided thnr the 
competition factor should be eliminated in initial 

I 

Jrudits. Extensive data indicate that poultry prod- 
ucts that are radiation sterilized (42 ItOy) in vacua 
at / -30°C or lower ore noi siflificantly altered 
chemically or toxicologically 1141. This mtthod was 
therefore chosen to provide sterile poultry meat for 
the study. Subetquent studies will then compare re- 
sults obtained with dmihtr non-srerile tramples from 
the same lot of mechanically dchonccl mcnt. 
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The measured D-value for S. enrerilidis was con- 
siderably greater than that of the other four Sul- 
monella strain.6 (Tablc 4) when irradiated in me- 
chanically deboned chicken. The tendency to 
increased radiation rcsisranct of ~a.l.mondlac when 
suspended in more complex media is also evident. 
Comparisons of the regressions from the average 
values from Table 4 indicated that S. enrerirldf~ was 
Ggnitcantly different from S. arlzonae, S. newporr. 

and S. ryphhurium but not from S. anatum. or S. 
dub/in (Table 5). The D-value of S. urizonue was 
significantly different only from S. enrerirldls, and 
the D-value of S. newport was significantly different 
only from rhar of S, enreriridir and S- ryphimwium 
(Table 5). 

D-values for S. rphimurium and S. enreriridir in 
mechanically deboned chicken were computed over 
dose rnnges of O-3 to 1.2 kGy and 0.3 to 2.7 1cGy. 
Significant (P > 0.012 for S. enterifidis and P > 
0.026 for S. lyphimurium) decreases in the comput- 
ed D-values were found when the renge was extend- 
ed to include 2.7 kGy radiation doses. (The bacte- 
riai suspensions were aleo exposed to doses of 3.6 
kGy, but many had few and some no 3twivors and 
thus wurc cxcludad from the computations.) The re- 
sults for S. ryplrimurium are illus\rarcd in Fig. 1. 

Alrhough several experiments (Table 4) indicated 
greater IethaliLy of ionizing-radiation in the pres- 

Tablo 4 

Effects ol air or wcuum on the aurviwl of Blnrane~lu irrxdiarocl in mechanically doboncd chickan 

Armoaphcn Air Vacuum Air und vacuum 

S1rain . D-value D-value D.velue 
N D&W *ZIP, N D(kQy) &SE N D(W) 

S. unufum’ 24 0.542 0.187 24 0.500 0.133 48 0x0 
5. orhonor’ 12 0.421 0.024 12 0.47D 0.050 24 0.444 
5. dublirf 12 0.467 o.ote I2 0.61.4 0.051 24 0.532 
S. enlbrili&P 24 a772 0.154 24 0.714 0.078 48 0.113 
S. cn;erlddlP 33 0.534 0.036 33 0 s92 0.021 66 0.561 
S. ncwporl 24 0 436 0.147 12 0.374 0.016 35 0.378 
S. lyphlnurium’ 36 0.333 0.031 36 0 497 0.058 12 0.514 
s. ryphlnwrlvm~ 51 0.387 0.010 40 0.394 D.020 99 0.390 

’ Survivill D-vulun uouip~tod fYom ILa rcgrcbsion VPIUCJ from 0.30 to 1.20 kGy. 
N The second sot of values for S. enrrriridir and 5. typhimurium mprescat rcgrcssion vnlucs Ior 0.30 ro 2.70 LGy. 

ISB 

0.114 
0.057 
0.107 
0.095 
0.095 
a030 
0.034 
0.010 



Haloroganoily of slopas of tegrebslons from which rhr D-volucs 
fog Ihc ~ut-viv;ll or Solmovelln irrsdiatad to rm absorbad doec of 
0.30 IO 120 kQy in mcchanlcally dcbancd chicken meal (sir snd 
vacuum gacknpad) wore nompured. (Probsbiliry OT obk4nircy A 
value grearcr ihrn F when and, slope ia campnred IO tach other 

elop4 

Srroin I 2 3 4 5 6 
1 x 0.6607 0.94B2 0.3146 a.4455 0.9538 

2 x 0.4404 0.0024 a.8139 0.3537 

3 x 0.0963 0.4671 0.8353 

4 X cl.0001 0.0019 

4 x 0.0037 

6 X 

Slrebps: *I = S. uf~ufu~v. #Z = S. urizonae. rY3 = S. dub/h. 
#4 - S. snrtvifldlr, #5 9 S. ~~cwporr, Y6 - S. ryph~murrvm. 

ence of air, statistical analysis did nor confirm thar 
the observations were significant in most cases. Ex- 
ceptions were the D-valued for S. dublilt in vacuum 
packed and aerobicalIy packed mechanically de- 

. 

Flp. 1. Survlror (N/N,) ~IOUI for S. tJ,pkimrrrilrm with ss~ociated 
VS% canfidencolimirs plonodbstwren 0.30sod 1.20k@[---) 
and 0.30 find 2.70 kGy ( -) a mechanically debnned cb~cka~ 

moat. 
. 

-40 -20 0 20 

Tsmp”C 

0 D 6Y 0 
l 

Y 
0 
b 

c bb. 
-L 

. 

i 

pig. 2. Tbc ofkt of inadiaIion temperncuro on tbc survival of S. 
fyphimurfum (A) land S. cnrrriridir (0) at BU abrorbed dose of 

I .ilO kGy in mech~lcolly debonad cllicksn m-1. 

boned chicken which were signiticently different (P 
C- 0.0 1). The regressions were significantly different 
at the P > 0.02 level in one study of S. ryphimurfum. , 

Tbe responsC Of S. enfuiri&s and 5. typhimurium 

to irradiation temperature at an absorbed dose of : 
1.80 kGy in mechanically deboned chicken is illus- ’ 
rrared in Fig. 2. Both organisms were strongly pro- 
recred against irradiation by temperatures below 
- 20’C. The much greater resistance of S, enterilldis 
LO ionizing rddiatiOn compucd to that of S. ryphi- I , 
muriwn is also evident. I 

I 

DISCUSSION 

B~causc H202 is formed during irradiation in the 
presence of oxygen (161 ionizing radiarion might 
have increased lethality for bacterja in its presence. 
Several authors have reported that baoterial scnsi- 
\ivity lo ionizing radiation could bc reduced by 
eliminating oxygen from the suspending medium; 
the species studied included Ercherichia coli, Bad- 
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Ius onrlrrocis, and Staphylococcus meuS [3,5,10,13, 
15,171. It has been demonetrated repeatedly [2,6] 
that molecular damage of DNA or nucleic acids is 
oxygen dependent. However, Pseudomonas genicu- 
1a1a and Bacillur rhernloaciduran$ spores were 
equally eensitive to ionizing radiarion whether or 
not oxygen we9 present [lo]. In contrast with the 
D-value of 0.56 kGy for S. ryphimurium reponed by 
Prcvite er 01. [Ill, we observed a D-value of 0.22 
kGy for S. typhlmurlum irradinted in BHI broth. 

The S. ryphrmuriunr D-value reported here for the 
range 0.3 to 1.2 kGy OT 0.514 kGy is very similar ta 
the values of 0.52-0.68 kGy reported by Prcvite et 
al. [l l] for five different strains of this organism ir- 
radiated at 4°C in auIodavtd chicken. The shift in 
rhe computed value thal occurred when values wurc 
included for doses of 1.5 aad 2.7 kGy was signif- 
icant (P > 0.0X& end the data has an apparent 
shirt (Fig. 1). However, the Previte ct ~1. [I 1] com- 
putation wa8 made from data that included 5.0 
lcCiy. The authors conclude from the shin in com- 
puted D-values with increased radiation dose range 
ihat ono should use care in extrapolating D-value 
determinations to cover doses graally in ~XCCSJ of 
that experimentally cvakated. For example, the 12 
D value for S. mrerirlBs using a D-value of 0.773 
kGy would be 9.28 kGy; whcrca6. the 12 D value 
computed using II D-value of 0.561 wotld be 6.75 
kGy, The current results indicate that the minimum 
radiation doec of 1.5 kGy proposed by FSIS would 
product roughly E 2.8.decimal reduction and the 
maximum dose of 3.0 kC!y a 5.3 decimal reduction 
of S. enrerifidIr in mechanically doboned chicken. 
Mulder [7] estimated that a dose of 7,D kGy would 
be required to aneura the nbeence of Salmonellu 

punamP from deep-frozen broiler cnrcosses. Our ob- 
servation that sharply increased survival occurred 
when rhc meat samples were irradinted in the frozen 
state requires further investigation, but the work of 
Muldar [B] indicated that following a radiation dose 
of2.S kGy that the few remaining viable Solmonellu 
on poultry carcasses died when the carcua was 
stored at - 18’C. Since the numbers reported by 
Mulder Ed al. 191 did not exceed 14 Sdmonella per 
gram of skin this dose shauld be entirely adequate 
for control of this patbogun. 

We thank mr. S. Ackerman and Mr. R. Jenkins 
for irradiating ~he samples. 
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